Low temperature wiring with Ag nanoinks
Recently, the authors have developed two types of nano inks that allow low temperature wiring. They are the inks with Ag nanoparticles and with β-ketocarboxylate Ag.
The Ag nanoparticle ink enables a room temperature wiring without any heating [7] . In this method, Ag nanoparticles are coated with alkylamine dispersant. The alkylamine dispersant can be removed from Ag nanoparticles simply by washing in methanol for a few seconds. The room temperature sintering mechanism has been understood well [8] . Since much amount of alkylamines dissolve in alcohols at room temperature, they can be washed away with alcohols. Immediately after washing, sintering of nanoparticles begins at room temperature as shown in Fig.1 . The other ink is formulated with the new chemicals, β-ketocarboxylate Ag, which decomposes at low temperature [9] . The decomposition temperature can be designed by changing its substituents in the range between 100 ºC to 200 ºC. They can be decomposed to be Ag tracks without any solid residue by curing in the temperature range between 100 ºC and 140 ºC. For example, the resistivity after curing at 100 ºC for 30 min was 3 x 10 -5 Ω·cm. After ink-jet printing of the ink on a paper substrate with a suitable undercoating, successful circuits are obtained as shown in Fig. 2 . 
Ag nanorods for transparent conductive films
In general, the intrinsic properties of metallic nanostructures can be affected by their shapes as well as its crystallographic structures. Ag nanowires exhibit anisotropic optical properties and electronic transport behavior directly related to their aspect ratio. Therefore, the design and synthesis of metallic nanoparticles with various morphologies have attracted many attentions in order to develop novel properties and potential applications. In the present work, we report the large-scale synthesis of one-dimensional Ag nanowires and application in the electronic devices.
Ag nanoparticles with high yield and various morphologies have been successfully synthesized by an easy polyol process in the presence of trace amount of salts. The detail process is as follow. AgNO 3 and PVP (polyvinylpyrolidone, average molecular weight 360 k in term of monomeric units) were firstly dissolved in EG (ethylene glycol) solution at room temperature, and then a trace amount of salts, such as FeCl 3 , NaCl, Na 2 S or CuCl 2 , was added into the mixture solution. The solution was heated to over 150 °C and kept until all the AgNO 3 was completely reduced. The reaction precipitation was washed and centrifuged to obtain the Ag products. The yield and morphology of Ag nanowires drastically depended on the concentration of trace salts. The aspect ratio of nanowires was found to be determined by the reaction temperature. A typical SEM images have been showed in the Fig. 3 . The authors applied Ag nanorods to fabricate transparent conductors at room temperature. Recently, a wide variety of application of transparent conductors in low-emissivity windows, flat-panel displays, touch-sensitive control panels, and thin-film solar cells has greatly prompted the development of high-performance transparent conductors to meet those demands, such as inexpensive, flexible, low-temperature, lighting and long-life. Traditional transparent ITO film has been severely limited due to high-temperature, brittleness and inflexible. Ag-based nanowires are expected to be an excellent candidate due to its high electrical conductivity. In the work, we use the synthesized Ag nanowires products to fabricated transparent conductors with high electrical conductivity and high optical transparency by an easy coating-press process at room temperature. The Ag nanowires are coated on PET substrates to form a networks structure, which exhibited a high transparency of 80% and a sheet resistance of 10 ohms/cm 2 . Fig. 4 showed the photo of Ag transparent film. 
Summary
In the present paper, three types of low temperature wiring nano inks are demonstrated. By applying the low temperature processable inks, wider area of applications will be realized in near future.
